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Excess staple DNA strands were removed from the reaction mixture by performing one round of polyethylene glycol (PEG) precipitation. 6 The resulting pellets were dissolved in HPLC buffer (1 mM EDTA, 5 mM TrisBase, 200 mM NaCl; pH 8) containing 5 mM MgCl 2 . Then, we subjected the sample to HPLC (Agilent Technologies 1260/1290 Infinity) using the column (Agilent Bio SEC-5: 5 µm; 2000A; 21.2 x 300 mm) at a flow rate of 2 ml/min and collected fractions of the monomer peak (29.5 -33.5 minutes). Due to dilution of the sample, we used ultrafiltration (30K Amicon Ultra-15mL from Merck Millipore) to concentrate the sample and to exchange the buffer to folding buffer (1 mM EDTA, 5 mM TrisBase, 5 mM NaCl; 5 mM MgCl 2 ; pH 8). Filters were equilibrated by adding 15 ml folding buffer containing 5 mM MgCl 2 at 7000 x g and 25 ˚C for 5 minutes. Then, 15 ml sample was added and centrifuged at 7000 x g and 25 ˚C for 7 minutes. The flow through was discarded. This step was repeated until the entire volume of the sample was centrifuged in the same filter.
Then, the sample was mixed with 15 ml folding buffer and centrifuged at 7000 x g and 25 ˚C for 7 minutes. This step was repeated three times. The concentration of all DNA origami samples was determined using a spectrophotometer (NanoDrop 8000; Thermo Scientific). All SAXS experiments were performed on SwitchD16 and brick samples dissolved in folding buffer (1 mM EDTA, 5 mM TrisBase, 5 mM NaCl; pH 8) containing varying MgCl 2 concentrations.
SAXS data acquisition
SAXS measurements were performed at beamline P12, DESY, Hamburg 7 and the high brilliance SAXS beamline ID02, ESRF 8 , Grenoble.
P12. SAXS measurements at beamline P12 were performed at an X-ray wavelength λ of 1.2 Å and a sample-to-detector distance of 3.0 m, resulting in a q-range of 0.03 to 5 nm −1 (with q = 4π⋅sin(θ)/λ, where 2θ is the total scattering angle). For data acquisition we used a Pilatus 2M detector. For each sample condition 40 frames with an exposure time of 45 ms in 'flow' mode were conducted at room temperature. Buffer samples were measured using identical procedures before and after each sample measurement. Static profiles of monomeric and heterodimeric brick constructs were measured in buffer with 20 mM MgCl 2 at sample concentrations of 50 nM and 100 nM, respectively. Time-resolved (tr) SAXS measurements on dimerization kinetics were performed by manual mixing of 50 nM and 100 nM monomer concentrations in a 1:1 mixing ratio. S4 ID02. SAXS experiments were performed at an X-ray wavelength λ of 0.99 Å. Static experiments at beamline ID02 on switchD16 samples and DNA origami brick monomer and dimer samples were performed in a temperature controlled flow through capillary operated in air using the Rayonix MX-170HS detector (Rayonix L.L.C., USA) with a sample-to-detector distance of 5 m resulting in a q-range of 0.015 nm -1 to 1.5 nm -1 . Data acquisition was performed with an exposure time of 10 ms including 50 repeats and a delay time of 0.5 s in order to reduce radiation damage. The measurements were conducted at room temperature.
SwitchD16 samples were measured at a final sample concentration of 100 nM.
TrSAXS experiments on switchD16 samples were conducted using a stopped-flow device (SFM-400, Bio-Logic, Claix, France) consisting of four motorized syringes coupled through three mixers. The last mixer is coupled to a quartz capillary with a diameter of 1.5 mm that serves as the observation volume where the sample is exposed to the X-ray beam at a constant position (Figure 1a) . A hard-stop is placed at the end of the flow line and is activated at the end of the mixing sequence in order to stop the flow. The net dead time (~ 1 ms) including the mixing time and the time to transfer the mixture to the beam crossing point in the capillary was determined as described elsewhere 8 . For each trSAXS measurement 150 µl each of buffer and switchD16 samples were prepared in the syringes for mixing and subsequently mixed at 
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SAXS data processing
Data reduction was carried out using custom written scripts in Matlab (Matlab 2015, The MathWorks Inc., Natick, MA, USA). Scattering data were normalized to the intensity at zero angles (I(0)) by performing Guinier analysis of the data. 9
Static SAXS measurements. For static SAXS experiments performed at beamline P12 and ID02, sample and buffer data from each run were analyzed for radiation damage, which was not observed in any of the measurement. Matching sample and buffer profiles were averaged and buffer profiles were subtracted for background correction.
Stopped-flow based SAXS measurements. For each MgCl 2 concentration scattering
profiles at each acquisition point were checked for consistency and radiation damage; no damage was observed in any of the measurements. Matching averaged buffer profiles from static SAXS experiments were subtracted from each single frame for background correction.
SAXS data analysis
SwitchD16. For trSAXS data, the scattering profile at each acquisition point (I(q,t)) can be described by a superposition of the scattering profiles of the sample conformation at the initial solution condition (I i (q,t o )) before mixing and the scattering profile of the final state at equilibrium after mixing (I f (q,t eq )):
where the coefficients f i and f f are fractional occupancies of the initial and final states. measurements. 4 To evaluate the goodness of the two-state fits, chi-squared values (χ 2 ) were calculated for each fit according to the following equation:
where I exp is the experimental SAXS profile, I fit the best two-state fit profile, and σ the experimental error of I exp .
Bricks. Two-state fits for dimerization kinetics of DNA origami bricks were performed using Equation 1, where the initial and final state are given by the scattering profiles of the monomer at the respective starting concentration and the dimer at equilibrium. Each fit was evaluated according to Equation 2. To determine the fraction of dimers, we used the q-range from 0.1 to 2.5 nm -1 .
Kinetic fits for folding and assembly.
SwitchD16. The (intramolecular) conformational change between the open and the closed state of the switchD16 sample was modelled as a reversible first-order reaction:
where 
The equilibrium constant K eq of the reaction is defined as: 
where N denotes the number of data points, f exp corresponds to the experimentally Bricks. Heterodimerization kinetics of the DNA origami bricks were modelled as an irreversible bimolecular reaction:
where A 1 and A 2 correspond to the brick monomer variants where either the protruding stacking pattern (1) or the recessed stacking pattern (2) had been activated, B denotes the dimer state and k on describes the association reaction rate constant in M -1 ·s -1 . For our experimental conditions with an equimolar mixing ratio of A 1 and A 2 (with an initial concentration of A 0 ) and in the absence of dimers B at t 0 = 0, the time dependent relative concentrations of heterodimeric bricks as a function of time is given by:
The model defined by Equation 9 was used to fit the fraction of dimers derived from the SAXS data for initial monomer concentrations (A 1 (t 0 ) = A 2 (t 0 ) = A 0 ) of 50 nM and 100 nM.
We obtained an association rate constant k on of 1.8 x 10 4 M -1 ·s -1 and 1.6 x 10 4 M -1 ·s -1 for a monomer concentration of 50 nM and 100 nM, respectively, and hence a mean value of 1.7 x 10 4 M -1 ·s -1 .
We also applied a bimolecular reaction model fit including the dissociation reaction rate constant for different final states of dimer fractions varying between 90 % and 100 % where a value of 100 % dimers resulted in the lowest ! -value and a negligible small value for the dissociation reaction rate constant in line with previous experiments 3 . Assuming 100 % S8 dimers, we tested different k off rates, yielding that the fit results are insensitive towards the off-rate for k off < 10 -6 . Larger k off values resulted in increasing ! -values.
To compare these values with a reaction, only limited by the diffusion dynamics of the monomeric bricks, we calculated the theoretical diffusion-limited association rate constant k diff of the bricks: 10
with R as distance within the two monomers react and form a dimer and can be assumed to be ~2 nm 11 , D is the diffusion coefficient according to Equation 11 and N A as the Avogadro constant.
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Estimation of the timescales involved in the conformational transition from the open to the closed conformation of switchD16 samples.
We Therefore, the timescale for diffusive motion of the two arms is expected to set the ultimate speed limit for closing of the switch device, similar to what has been observed for proteins. 12, 13 To assess the order of magnitude of the timescale for diffusive motion of the arms from the open to the closed state of switchD16, we applied a simple model based on rotational and translational diffusion. Each arm was considered as a rigid rod with a length L = 95 nm and a diameter of D = 16 nm (Supporting Figure S4 ) and the translational (D t ) and rotational (D r ) diffusion coefficients were calculated following Lehner et al. 14 
where k B is the Boltzmann constant, T the temperature in Kelvin (300 K), η the viscosity of the solvent (1 mPa·s) and ξ and γ are correction factors for the end terms taken from Tirado et al. 15 . The distance d each arm has to travel depends on the opening angle Θ, which has a mean value of ~ 50° (Supporting Figure S4 ). 3 Translational (t trans ) and rotational (t rot ) diffusion times for each arm are given by:
We find values for t rot in the range of 20 to 70 µs for opening angles Θ between 50º to 90º.
The estimate based on translational diffusion gives similar values, again varying the opening angle between 50º and 90º.
Formation of DNA stacking interactions.
In the closed state, the two arms of the switchD16 device are held together by DNA stacking interactions. The timescale for the formation of nucleobase stacking interactions was investigated recently by force spectroscopy and molecular dynamics simulations. 11 The results suggest that formation of stacking 
